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(57) Abstract 

Disclosed is a shaped resin article comprising (1) a 
continuous phase of a polyphenylene ether and (2) a dis- 
persed phase dispersed in the continuous phase (1). The . 
dispersed phase comprises (a) a particulate dispersed poly: 
olefin phase which is comprised of a polyolefin and has a 
minor diameter of not greater than 0.5 urn, the outer sur- 
face of the dispersed polyolefin phase (a) having, cohered 
thereto, particles of at least one copolymer selected from 
the group consisting of a copolymer of a vinyl aromatic 
compound and a conjugated diene compound and a hy- 
drogenation product thereof, and (b) a particulate dis- 
persed copolymer phase having a minor diameter of not. 
greater than 0.3 urn, which is comprised of at least one 
copolymer selected from the above-mentioned group and'' 
is dispersed in the continuous phase (1) and not cohered to . 
the dispersed polyolefin phase (a). The shaped resin article 
has not only remarkably improved weld-line toughness 
and delamination resistance but also excellent resistance Yb 
heat, impact and chemicals. 
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DESCRIPTION • ...V • '■■ 

A Shaped Resin Article - 
Technical Field ' *i . ' 

The present invention relates to a shaped V 
5 article- More particularly, the present -invention* is " 

concerned with a shaped resin article comprising a 
continuous phase of a polyphenylene *et^ 
persed: phase dispersed in the continuous :,:phase::and^ 
comprising a particulate dispersed pblyol^f in pha : se, v 
10 the outer surface thereof having particles, ;ctf at;.l£ast 

one specific copolymer cohered' thereto, -and* n \ P a ^?^.*t: 
late dispersed copolymer phas6. • . 

. The shaped resin article of the prestent -inyjan^jti^ t 
has excellent weld-line toughness* and excellent, res is t- 
15 ance* to delamination, heat, impact /and chemicals. 

Accordingly, the shaped resin article, of -the preserit^'. 
invention can advantageously fee utilised f0r;..va3?iqu&.; : -,;; 
electrical and electronic components , automobile pairts . 
and other engineering materials 
20 Background Art 

Polyphenylene ethers have excellent transparency., 
mechanical and electrical properties, heat resistance 
and dimensional stability as well- as advantageously; low 
moisture absorption. However, poiyphenyierie ethfexs-; 
2$ have poor moldability and poor impact strengths. 
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To obviate the drawbacks of poor moldability and 
poor impact strength r it has been attempted to blend a 
polyphenylene ether with a polystyrene or a high impact 
polystyrene. Compositions comprising a polyphenylene 
5 ether and a polystyrene or a high impact polystyrene 

are now widely used to manufacture electrical and 
electronic components,, housings for business machines , 
automobile parts, precision components and other engi- 
neering materials. With respect to such classical 

10 polyphenylene ether resin compositions comprising a 

polyphenylene ether and a high impact polystyrene , 
reference is made to, for example, U.S. Patent No. 
3,383,435. Such polyphenylene ether resin compositions 
exhibit improved impact strength. However, they have 

15 poor chemical resistance. 

Proposals for improving both of impact strength 
and chemical resistance, especially solvent resistance, 
by blending a polyphenylene ether with a polyolef in 
have been made, for which reference is made to, for 

20 example, IKS. Patent No. 3,361,851 and Japanese Exam- 

ined Patent Application Publication Specification No. 
42-7069/1967. Compositions comprising a polyphenylene 
ether and a polyolefin suffer from severe delamination 
so that --the actual application of the compositions is 
25 extremely limited. 
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In the art, other various proposals;: have also; x been; 
made. U.S. Patent No. 3,994, 856 discloses ^"'cqmpps.i-^on 
obtained by blending a polyphenylene etjjer or con&i- " 
nation of a polyphenylene ether and* a polystyrene .'resin 
with a hydrogenated block copolymer* ^whieh composition' 
is described as exhibiting, improved ; ijoip^^-":res.istanc^ 
and solvent resistance. Further f¥? ; JT;S", . Patent ■ No;/. 
4,145,377 discloses a composition caapriBing a pplypftrev 
nylene ether or a combination of .-a^jpl^^^ 
resin and a polystyrene resin r a ' preliminary: blend -of a 
polyolefin and a hydrogenated block cpppi^mer. in. weight 
proportions of 20-80 : 80-20 , and a 'hy^ogehate'd blooK y 
• copolymer, which composition- is -descrlA'fee^VHs , e^ibitiijg' 
improved impact resistance and' solvent r6si-stahce ^ ^ v 
15 Still further , U.S. Patents Nos . ■ : 4. , 16 6 , 0S5 : ; : 4 y 239 *' 1 

and 4,242,263, disclose compositions obtained • by .El^end^ 
ing a polyphenylene ether with a -block ctopol^efc ■;6r;;:^ : ; 
with a combination of a hydrogenated bldfak'. copolyitier.' ' ' 
and a polyolefin, which compositiofts^re 'd6s"cribed MS'' 
20 having improved impact resistance. "7"Btil'l further r;;*p.ff. 

Patent No. 4,383,082, European Patent; ^PubiiGatipn * No> ' . 
115,712 and Dutch Patent No . 7 ,4i0 : > 861 disclose campo- 
sitions obtained by blending a ^ polyphenylene ethex jttith 
a polyolefin -and a hydrogenated bock^c'p.pplymer * wKi ch 
25 compositions are described as having^ improve^ ^ impact ■ 
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resistance. Still further , U.S. Patent No. 4,863,397 
and Japanese Patent Application Laid-Open Specifica- 
tions Nos* 53-113058/1988; 53-225642/1988; 64- 
98647/1989; 64-204939/1989 and 64-221444/1989 disclose 
compositions obtained by adding a specific hydrogenated 
block copolymer to a blend comprising a polyolefin 
resin and a polyphenylene ether resin , which composi- 
tions are described as having improved chemical resist- 
ance and moldability. Still further, Japanese Patent 
Application Laid-Open Specification Nos. 63- 
218748/1988; 63-245453/1988 and 64-40556/1989 disclose 
compositions obtained by melt kneading a precompound 
comprising a specific block copolymer and a polyolefin 
with a polyphenylene ether , which compositions are 
described as having improved chemical resistance and 
moldability. The above-mentioned various polyphenylene 
ether resin compositions exhibit improved solvent 
resistance and impact resistance as compared to the 
conventional polyphenylene ether resin composition 
comprising a polyphenylene ether and polystyrene or a 
high impact polystyrene. However, they have inherent 
problems which limit their applications. In particu- 
lar, conventional compositions comprising at least 50 % 
by weight of a polyphenylene ether and up to 20 % by 
weight of a polyolefin result in a shaped article which 
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exhibits severe delamination and poor weld-line tougli^ • 
ness. Such compositions cannot cope vrith an . increasing 
demand for higher quality in the art /with .respect .rtp:\ " 
engineering plastics. :>': > .. — 

5 Disclosure of The Invention -7 

The present inventors haye made' extensive • and' " ■•" 
intensive studies with. respect to sfiaped; resin articles- 
comprising a polyphenylene ether > : a poiyol^fin' arid *a : 
compatibility agent. As a result, /ife/lictfir beeh. fo\ind ; 

10 that a shaped resin arti cle- having n£>ti portly ^ remarkably . 

improved weld-line toughness and delaifl^natiori: r^sisjt- 
ance but also excellent resistance to ' heat , ' impact and 
chemicals under the application of , stress\can be ; 6b^ ■ ^-'[ 
tained by attaining specif i'c morphology 6:f . dispersioit .- 

25 with respect to the polyolef in-and the cb^patiipilit^: . .. 

agent. Based on this unexpected v-findirigv -the- present 
invention has been completed. ■■ ; _ 

It is, therefore, an object of ' ti^ present inv^ri- . 
tion to provide a shaped resin .article, comprising a \ 

20 polyphenylene ether, a polyolef in and. a" compatibijo^y . 

agent, which is free from the.;- drawbars of -the ; prior 
art and has not only remarkably : improved weld-line- '■ v , . 
toughness and delamination resistance -but also..^ Excellent 
resistance to heat, impact anci chemicals . : 

25 The foregoing and other ob j : ectsy *£Wattt^ 
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advantages of the present invention will be apparent 
from the following detailed description and appended 
claims . 

According to the present invention, there is 
5 provided a shaped resin article comprising (1) a con- 

tinuous phase of a polyphenylene ether and (2) a dis- 
persed phase dispersed in the continuous phase (1) . 
The dispersed phase comprises (a) a particulate dis- 
persed polyolefin phase which is comprised of a pol- 

10 yolefin and has a minor diameter of not greater than 

0.5 jim,. the outer surface of the dispersed polyolefin 
phase (a) having, cohered thereto, particles of at 
least one copolymer selected from the group consisting 
of a copolymer of a vinyl aromatic compound and a 

15 conjugated diene compound and a hydrogenation product 

thereof, and (p) a particulate dispersed copolymer 
phase having a minor diameter of not greater than 
0.3 Jim, which is comprised of at least one copolymer 
selected from the above-mentioned group and is dis- 

2o persed in the continuous phase (1) and not cohered to 

the dispersed polyolefin phase (a). 

The polyphenylene ether (hereinafter frequently 
referred to simply as "PPE") used for forming the 
continuous phase in the present invention is a homopol- 

25 ymer or a copolymer having recurring units of the 
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wherein each of R 1 , R 2 , R 3 and. R*' ^dependeritly- 
represents a hydrogen atom, a- halogen :jatpm. r a^, "/: ' 
phenyl group/ or a group selected- ffcbia "the; ;*grb^/; 
consisting of a primary lower alkyl' group 'hav^jag 
from 1 to 7 carbon atoms, a secondary lower ^ttyl 
group having from 1 to 7 carbon atoms., a haiod^Kyi 
group having from 1 to. 7 carbon, : '!atdms, r "fog;; amino., 
alkyl group having from 1 tt'?*'C&lS&<jl& 
hydrocarbyloxy group having from ;lH?o 7. 'cazfcqin " 
atoms and a halohydrocarbylbxy group ' haying: J!!jJ§3&.!I- 
to 7 carbon atoms and having- at;:least two carbon, 
atoms between the halogeii atom"" and t£he 'raa^en.';-' 
atom. / 
The reduced viscosity f as measured at 3>0 : °G : with > : ±HSt--"- 
spect to a chloroform solution having a oond'entratton . : 
of 0.5 g/dl, of the PPE used in the v'pres&rt:; inv^ntildii 
is generally in the range of from;.0;l;5 to* 0^70/''px^er.r- 
ably from 0.20 to 0.60. Representative examples oj-jt^ie 
above-mentioned PPE f s include poly (*2 v &-dimethyl 
phenylene ether) , PPlY( 2-met^^ 

ether), poly(2 r 6-diphenyl-l, 4-pheiiylene , feth^> f ,% V; 



PCT/JP90/00548 



poly ( 2-methyl-6-phenyl-l , 4-phenylene ether) , poly ( 2 , 6- 
dichloro-1, 4-phenylene ether), a polyphenylene ether 
copolymer, such as a copolymer of 2,6-dimethyl phenol 
and another phenol , such as 2, 3, 6-trimethyl phenol or 
2 -methyl- 6 -butyl phenol, and the like. Of these, 
poly ( 2, 6-dimethyl-l, 4-phenylene ether) and a copolymer 
of 2,6-dimethyl phenol and 2,3,6-trimethyl phenol are 
preferred, and poly ( 2, 6 -dimethyl- 1 , 4-phenylene ether) 
is most pref erred - 

The PPE's used in the present invention can readi- 
ly be produced by conventional methods. For example, a 
PPE which is produced by the .oxidative polymerization 
of, for example, 2,6-xylenol, in the presence of a 
catalyst comprised of a complex of a cuprous salt and 
an amine according to the method of Hay as disclosed in 
U.S. Patent No. 3,306,874 can advantageously be used in 
the present invention. Also, the PPE r s used in the 
present invention can readily be produced by the meth- 
ods as disclosed in U.S. Patent Nos. 3,306,875? 
3,257,357 and 3,257,358, Japanese Examined Patent 
Application Publication Specification Ho. 52- 
17880/1977, Japanese Patent Application Laid-Open 
Specifications Nos. 50-51197/1975 and 63-152628/19B8 . 

In addition to the above-mentioned PPE's, the PPE 
used in the present invention can be a conventional. 
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modified PPE which is obtained by- reaa&Lflig • a PPE w££li . 

* \ k • . . ». 

an a, {^-unsaturated carboxylic acid ur;a derivative ■ - 

thereof in the presence or. absence of- d^^dical \g&tt&x^^ \\ 

tor at a temperature of 80°. to 3$Q;*fc';ln C.-WW*.:^.*: • "'. 

state, a solution state * or a Slurry stated ..i^^tii^.Xl..'^ ' 

conventional modified PPE ," 0.01 to.' itf^S "^^-weigiii:* c£ '.iiii * 

a, S-unsaturated carboxylic . acid or derivative thereof ,. 

is bonded to PPE chains by a' grafting -or : ^i>^Gn-. 

reaction. Further, the PPE used in **he- pncesent- in^K-;;;^; . 

tion can be a mixture of v a PPE selected* . from" th'^.'. ^*$si-£' ; 

ious known PPE's mentioned her ^iibe fore*- ^d\^e'sS35lbY^" " " 



mentioned* conventional modified /PPE in.- f a^iitra^ ; p^- 

. _a_ • * i ■» ■ - • «A*%- * < ••»■»* - «' • «... 1*4*1 '.mi " • *v**fc"i- 

portions. .......... • *.,w ( . 

Also, in the present invention.^ u£i^ 
15 a phosphorous compound-treated PPE as • obfea^ned byv-^- • 

adding 0.2 to 5 parts* by weight of "9 ^r'lO^tiihydro^^ 
oxa-10-phosphaphenanthrene to .100.. p&S&£ ,wei^^ a 
PPE and subjecting the resultant- 'ixtera ; to ;weit-^ead ; ^ 
ing. The phosphorus compound- treated PPE;:;haS' an ebttel- ' 

lent color tone. :.:Y: : r: ; .- *;■;:/ v - 

The polyolefin forming the particulat.6' dis.^erSBd. 
polyolefin phase (a) in. the shaped^ 
present invention is a polyolefin which .iW\generaliy 
used as a conventional molding material and has >a : • ^ 
weight average molecular weight of . iiofe smaller -tli^n 
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30,000, as measured according to the customary gel 
permeation chromatography method. Representative 
examples of polyolefins include a high density polyeth- 
ylene; an extremely high molecular weight high density 
polyethylene; a low density polyethylene; a linear low 
density polyethylene; an extremely low density polyeth- 
ylene (having a density of less than 0.90); an isotac- 
tic polypropylene; poly(4-methyl-l-pentene) ; polybu- 
tene-.l; and a copolymer of at least two different 
compounds selected from the group consisting of a- 
olef ins ( such as ethylene and propylene ) , ethylenically 
or acetylenically unsaturated carboxylic acids and 
derivatives thereof, such as a copolymer of ethylene 
and butene-1, a copolymer of ethylene and (meth) acrylic 
acid, a copolymer of ethylene and (meth) acrylic ester r 
a block or random copolymer of propylene and ethylene, 
a copolymer of propylene and 1-hexene and a copolymer 
of propylene and 4-methyl-l-pentene. These polyolefins 
can be used independently or in combination. Of these 
polyolefins, polyethylene is preferred. Of polyethyl- 
enes, a low density polyethylene, especially a linear 
low density polyethylene, and a high density polyethyl- 
ene are more advantageously used. 

The copolymer (hereinafter frequently referred to 
as "compatibility agent" ) to be cohered to the outer 
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surface of the particulate dispersed .poly-alelin phase 
(a), and to be used for iorming\tAe!;]^ 
persed copolymer phase (j3) in the. $hs£fe$;£es£& ; ^t^le 



of the present invention, includes..^ 

by copolymerizing a vinyl' >rdttfft£.c--; ^jje i told ^^'-a;^.;;-. ; '-; ;■ 

conjugated diene compound, a hydrog^n^tion ;piOdttC6"tyf 

the copolymer and a mixture of the'SB". • 

nation product, at least 50 %, pref eraBljila^f; le^sl£: 

80 %, of the olefinic double- bonds Tattrlbu&e^^ 

copolymerized conjugated diene- compotj^d Ere hydro gpnat-; 

ed. - . . ..... , 

The compatibility agent ;may «be a random: .cogol^er , • 
a block copolymer, a graft copolymer ^d^'^^ic6mBinatidn 
thereof each having a number ave•i:a^e t ;^atilac , ula'£ , wei^^ ■ > : 
of not smaller than. 50,000, as measured according' £o 
the customary gel permeation chrdiili't6:g^a^y':lTiethbd\ -rDf*!- 
these, such a block" copolymer is pref eas55ji*i!.' ' \ 

Representative examples of vinyl arciitaitic cOmrv : 
pounds for use in the preparation Q'fTvfche i?ompatibiJ!^y: 
agent include at least' one compound' .seliQ^fted' from -?tSfe". - *" 
group consisting of styrehe, aVmethyist^ 
uene , p-tert-butylstyrene /. 'di phenyl etKyIS^a ; * and "the *' .:' 
like. Of these, styrene is preiek^edV. \ ; V 

On the other hand,- repre sen tat ive-ex^ples of V. : 
conjugated diene compounds f or use 'in : the : prepa 
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the compatibility agent include at least one compound 
selected from the group consisting of butadiene, iso- 
prene, 1, 3-pentadiene, 2,3-dimethyl-l,3-butadiene and 
the like. Of these, butadiene, isoprene and a combina- 
5 tion thereof are preferred. 

The method of preparing the compatibility agent is 
not critical. For example, a copolymer of styrene and 
butadiene or a hydrogenation product thereof can readi- 
ly be produced by the anionic polymerization methods as 

10 described in British Patent No. 1,130,77 0 and U.S. 

Patent Nos. 3,281,383 and 3,639,517 or as described in 
British Patent No. 1,020,720 and U.S. Patent Nos. 
3,333,024 and 4,501,857. 

Of these compatibility agents, a block copolymer 

15 of a vinyl aromatic compound and a conjugated diene 

compound or a hydrogenation product thereof having a 
Young's modulus of 1,500 kg/cm 2 or more, is especially 
preferred . 

As the compatibility agent, for example, 
20 Tuf prene ®, Solprene ®, Tuf dene ®, Asaprene ® and 

Tuf tec ®, which are manufactured and sold by Asahi 
Chemical Industry Co., Ltd., Japan, are preferably 
used. 

The shaped resin article of the present invention 
25 has a specific morphology of dispersion. That is, as 



described hereinbefore, . in the .preseh.t"±rt^entiDn r the 
shaped resin article comprises ( 1 ) a cqntintiqus phase, 
of a polyphenylene ether and (2) a dispaarse'^ phake/ ••" ;> 
dispersed in. the continuous phase; . . ( 1 ) . . :^ ifiQ^$'$&£8it&: .; . 
phase (2) comprises (a) a particulate 

yolefin phase which is comprised -.of- -a -polyolefinf mdv' - 
has a minor diameter of not great** .il^BWO.iSVjfliV' ;tiHe '.. 
outer surface of the dispersed -po l^l^ii^ ® $ * j: ' ?*: . . 
having cohered thereto particles, of . at l^ast; one; . •• 

copolymer selected f rom, .the' group... crinis^ting. -.of a. •^■•'J-^ 
copolymer of a vinyl aromatic coinpoimd ' • ai^d- a c ©negated 
diene compound and a hydrogenation product •; thereof and 
(P) a particulate dispensed. Jnapol^ ■! 
minor diameter of not . greater than 0 . 3> umy.. which is^ 
comprised of at least one .copolymer; -sflfcec^edjrrQjp- iihar- 
above-mentioned group and is diBperjaed ; :in' ; :i:he ' cbn'tiftq?:' 
ous phase (1) and not cohered to_ tte.d*^ei?se£ gc£gjjj>$jg* 
fin phase (a) -- .. . • ... ■ 

The desired effects of the. present invention oaiiv 
be attained by realizing the above^entip.ned speai^fc' '■■ ; 
morphology of dispersion.-;. ;■ ■■ . , v 

In the present invention.,, a pbl^Uenyleiafe "e^et^. a; 
polyolefin and at least one copolymer;, ars present: .-.$n 
-proportions such that" the- polyalef ^..fl^^e-fyp^lafMF;. 
are dispersed in the polyphenylene et>J^r--*Q..the^ebg , ; - ;. H : 
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form the continuous phase (1) and the dispersed phase 
(2) dispersed therein. Generally, the shaped resin 
article of the present invention comprises (A) 50 to 
95 % by weight , preferably from 50 to 90 % by weight, 
5 of polyphenylene ether, (B) up to 20 % by weight, 

preferably from 5 to 15 % by weight, of polyolefin, and 
(C) up to 40 % by weight, preferably from 10 to 35 % by 
weight, of at least one copolymer selected from the 
group consisting of a copolymer of a vinyl aromatic 

Iq compound and a conjugated diene compound and a hydroge- 

nation product thereof, wherein the total amount of 
components (A), (B) and (C) is 100 % by weight. Howev- 
er/ the proportions of the polyphenylene ether, the 
polyolefin and the copolymer are not limited to the 

]_5 above-mentioned ranges as long as the specific morphol- 

ogy of dispersion as defined herein can be attained. 

The shaped resin article of the present invention 
has remarkably improved weld-line toughness and delami- 
nation resistance and also excellent resistance to 

2 q heat, impact and chemicals. 

The minor diameters of the particulate dispersed 
polyolefin phase (a) and the particulate dispersed 
copolymer phase (0) affect the weld-line toughness and 
delamination resistance of the shaped article, "When the 

25 minor diameter of the dispersed polyolefin phase (a) 
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■ * v * k «. . ■ ... . , ' v% i« . .. I 

exceeds 0.5 p or when the minor diaiH^ter of the -dis- 
persed copolymer phase ( £ ) "exceeds .0;.,3 \m r : marked. : • 
delamination is likely to occur , and -weld-line "toti^Kries 
is likely to be extremely poor. :qk?th^\^hBK -ha^ri^ 
5 major diameters of. the parti.culate\ dispensed polydlefih 

phase (cx) and the particulate dispersed ^^ol^^t "phase 
(j3) are not critical ih the. present . invent ion>. andvcaxi 
widely vary depending on the pressure, app^ 
molding, presence or absence of a plasticizer/ "etor'^-' : 
10 The dispersion morphology of the "polyp 1-ef in " and;; 

■ ... ■ - . .,«,•... ... 

compatibility agent " forming di^perse^^phases iri tKS'* 
polyphenylene ether can generally be : 6b^xrved easii^ 
an electron photomicrograph (magnif ica^tioni or iexani- 
ple f 40 f 000-fold) of a cross section, pf the- shaped'" 

15 resin article (see Figs. .1 and -2) . • -With;.respect trq ■• 

each of the dispersed polyolefin ph^iEle . (a)".attd ffifl-jr.T : : _ 
dispersed copolymer phase .4&);j}/geriex%l&y.i. rafc^S" b*f; '' 
major diameter to minor diameter , is not : . smaller t^.aii.:.!/: 
When the ratio of major diameter to minor, dl^ete^' i'S 

2Q 1, the dispersed phase exhibits a; circular form, "arid , . • 

when the ratio of major diameter ^tp'mih6r 
more than 1, the dispersed. phase exhibits- ?'a fibril. * '? 
form, a lamella form; or a similar : f arm* ; '.:.Wh?ii. tfte 
dispersed phase [meaning each of the particulate- dis- ... 

25 persed polyolefin phase (a) and tJie: pa.rt'±trulate dis^; • 
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persed copolymer phase (J3)] has a circular form, the 
minor diameter is equal to the major diameter , each of 
which corresponds to the diameter of a circle. On the 
other hand, when the dispersed phase has a fibril form, 
a lamella form or a similar form, the terminology 
"minor diameter" used herein means the maximum of 
distances between opposite points on the periphery of 
the fibril form, lamella form or similar form, wherein 
the opposite points are positioned on opposite sides of 
a longitudinal axis of the dispersed phase (which is 
defined as a central line extending along the length of 
the dispersed phase) and each set of opposite points is 
positioned on a line perpendicular to the above-men- 
tioned longitudinal axis. In this connection-, it 
15 should be noted that the minor diameter of the particu- 

late dispersed polyolefin phase (a) does not include 
the copolymer particles cohered thereto. When when the 
dispersed phase has a lamella form, a fibril form or a 
similar form, the terminology "major diameter" used 
herein means the maximum of distances between opposite 
points on the periphery of the fibril form, lamella 
form or similar form, wherein the opposite points are 
positioned on opposite sides of a short axis of the 
dispersed phase (which is defined as a central line 
25 extending in a direction perpendicular to the above- 
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mentioned longitudinal axis ) and each set Br' opposite ' V" 
points is positioned on a line parallel t ^6 v ^e\ ^B.cgr^^ *** 
mentioned longitudinal axi^. Th'^i^ ^ . . 

particulate dispersed polyplef in^pbase. .(^,.hS£.. a^jo^flr,,,-. 
diameter of not greater iian 10..5: im?...u^ 
that at least 90 % of particles -of . .t^e^g»ticuiat^iv\.v ^ 
dispersed polyolefin phase (a-) ha^re at^^ar,.dianiB4aea3^--." 
as defined above, of not greater - tMii -0 u &*fai: '-^kepi'™**'" 
wise, the expression > the par tic^ 

mer phase (J3) has a minor diameter-. -of-jioit.. greater. tfifcaii^ 
0.3 urn" used herein means that at l^ast %'-of 'pferti*' ^ 
cles of the particulate dispersecl^copo^ 
have a minor diameter, as defifted above/ ,1 of -not greater - 
than 0,3 pjn. : . . - ,- : . :■, .....■.,,,. .-..>, , 

The condition of coherence' Of' 1 t^'co^atibililrs;-'^ 1 ' ' •' ; 
agent to the outer surface "of the dispersed pp,lyoi4f!in 
phase (a) can also easily he 1 Observed • ■flh'-air'Baerctawft- - - - v 
photomicrograph (magnif iqatipni" ;f or ; exa^le^- ^q,. 0tP(J- ^ Vr l \ 

fold) of a cross section of ;;^;;;sH^d;;^ ;> ; ;; v 

The terminology cohered" *^.^^^«J^i^^-^^^ii^^^^-^ < ^' ^V"?" 1 !^*^*'-'" r.- •: 
configuration in which' a" number ^ ' 
compatibility agent gather arotnad^a^M^ 
outer surface of the dispersed polyolefin .phase in the ' 
form of isolated par-fcic-les,- .or^diavjiW^ 
particles . In this ' conhectionf ^ 
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cohered configuration, it is possible that some parti- 
cles of the compatibility agent penetrate the interior 
of the dispersed polyolefin phase (a) . The minor 
diameter of the cohered particles of the compatibility 
5 agent is not critical in the present invention. Howev- 

er, it is preferred that the minor diameter be smaller 
than that of the dispersed polyolefin particles. 

In the present invention, as described above, it 
is essential to realize the specific morphology of 

10 dispersion. To attain the specific morphology- of 

dispersion, it is preferred that the above-mentioned 
polypheny lene .ether, polyolefin and compatibility agent 
be kneaded using a twin or multi-screw .extruder into 
which a kneading- block can be incorporated at any 

15 portion of the screws, the extruder having the follow- 

ing characteristics: 

(1) L/D £ 1.5, preferably L/D £ 5 

wherein L represents the length (mm) of the knead- 
ing block, and D represents the maximum outer 
20 diameter (mm) of the kneading block, and 

(2) TC«D'-N/h £ 50 

wherein it is 3.14, D f represents the screw outer 
diameter (mm) in the metering zone, N represents 
the screw revolution rate (number of revolu- 
25* tions /second ) , and h -represents the depth (mm) of 
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the groove in the metering zone'. ... 
In effecting the kneading, it .is pref erres* "that the ;■ 
polyphenylene ether, the polyolef in and the compatibil- 
ity agent be supplied to the extruder all 'atv one^time 
to effect melt kneading thereof while" maintaining ! 
portion of the . barrel of the extruder corresponding to 
the kneading block at a temperature which is- not Higher 
than the glass transition temperature (about 21 (Ffi) of 

the PPB. .;. ••' 

From the viewpoint of ease in ^obtaining a shaped 1 
resin article having the desired morphology of disper- . 
sion, it is preferred to use as the. compatibility agent 
at least one copolymer selected from the- g^pup .consist- 
ing of a copolymer of a vinyl aromatic .compound .arid a 
15 conjugated diene compound and a hydrogehation product 

thereof each having a Young's modulus of -1,500 Kg/crn^. 
or higher. 

The shaped resin article of th6 .present invention 
prepared as described above, has not'cpnly rei^rlpably : ' ■; 
20 improved weld-line toughness .and delamination rdis : d?St^% 

ance but also excellent resistance to heat, impact and 
chemicals. "T //'v ' 

In addition to the. above-mentioned -essential- ; . 
components, the shaped resin article ;d£ ..the ;present; 
25 invention may optionally contain -other^ r<£s ins;' such' a£ V 
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polystyrene resins (e.g., polystyrene and high impact 
polystyrene) and additives such as antioxidants, weath- 
ering resistance improvers, nucleating agents for the 
polyolefin forming the dispersed polyolefin phase (a), 
5 lubricants, organic or inorganic fillers and reinforc- 

ing materials (e.g., glass fiber, carbon fiber, whisk- 
er, mica, talc, calcium carbonate, potassium titanate 
and wollastonite) , fire retardants, plasticizers (e.g., 
phosphorus, compounds such as triphenylphosphate), 

10 colorants, antistatic agents and mold release agents, 

as long as the characteristic features of the shaped 
resin article of the present invention are not adverse- 
y | ( ly affected. 

. The molding method for producing the shaped resin 

15 article of the present invention is not limited as long 

as in the final shaped resin article the polyolefin and 
the compatibility agent dispersed in the continuous 
phase of the polyphenylene ether exhibit the above- 
mentioned specific dispersion morphology. The shaped 

2o resin article of the present invention may be a pellet. 

Further, the shaped resin article of the present inven- 
tion may be a compression-molded article, an injection- 
molded article, an extrusion-molded article, a blow- 
molded article or an inflation-molded article, which 

25 article is suitably shaped for an ultimate use. 

) ' 
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ASTM Type I dumbbell specimen (thickness: 1/8 inch) for 
tensile test having a weld-line in the middle portion 
thereof . 
Example 1 

5 70 parts by weight of a PPE having a reduced 

viscosity of 0.56, 10 parts by weight of a low density 
polyethylene having a density of 0.918 g/cm 3 (Suntec® 
LD-H1804 manufactured and sold by Asahi Chemical Indus- 
try Co. , Ltd., Japan), 10 parts by weight of a 

10 styrene-butadiene copolymer (Asaf lex ® B10 manufactured 

and sold by Asahi Chemical Industry Co . , Ltd . , Japan 
and having a Young's modulus of 4,600 Kg/cm 2 ), 10 parts 
by weight of a. styrene-butadiene copolymer (Solprene ® 
T406 manufactured and sold by Japan Elastomer Co., 

!5 Ltd., Japan and having a Young's modulus of 2,100 

kg/cm 2 ), 1.5 parts by weight of 9 , lO-dihydro-9-oxa-lO- 
phosphaphenanthrene and 7 parts by weight of triphenyl- 
phosphate were blended by a Henschel mixer. The re- 
sultant blend was subjected to melt kneading by a same 

20 direction-revolving twin-screw extruder (model PCl£-30 

manufactured and sold by Ikegai Tekko Co., Ltd., Japan) 
under conditions such that the kneading block portions 
of the screws were maintained at 190 °C and the other 
portions were maintained at 270 °C and that the L/D 

25 ratio, as defined hereinbefore, of each of the kneading 
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injection molded according to the method as described 
above r and sliced to obtain a section, which was dyed 
with osmic acid (OsO^). The section was photographed 
by means of a transmission electron microscope to 
5 closely examine the dispersion morphology of the test 

piece (see Fig. 1). As a result, it was found that the 
test piece had a dispersion morphology such that in the 
continuous phase of the PPE, low density polyethylene 
particles having a minor diameter of not greater than 

10 0.5 }im and styrene-butadiene copolymer particles having 

a minor diameter of not greater than 0.1 \sm were dis- 
persed, and that styrene-butadiene copolymer particles 
were cohered to the outer surface of the dispersed low 
density polyethylene particles. • 

15 Comparative Example 1 

Melt kneading and injection molding were conducted 
in substantially the same manner as in Example 1 except 
that a reverse direction-revolving twin screw extruder 
(manufactured and sold by Nakatani Kikai K.K., Japan; 

20 diameter: 30 mm) was employed, and that the L/D ratio, 

as defined hereinbefore, of the kneading block was 0 (a 
kneading block cannot be assembled into the screws of 
the extruder), the value of tc«D' -N/h, as defined herein- 
before, was 36.2 and the extruder was set at 240° to 

25 270 °C, thereby obtaining test pieces for tensile 
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testing. When the test pieces .were., sub j-eated _to a.' - 
tensile testing in the same manner as in Example, Ly 
delamination was markedly- observed on th^. su^faice 
portion of the cross-section of the" test jpieces .;.^ ,. 
5 The weld-line toughness of i a test piece .having^ a! 

weld-line was found to be 64 %- ;> 
Further, a test piece f or : tensile testingVwas. ; 
injection molded according to the method a^* descriS^d\ . 
above, and subjected to an examination- 60: the diBj^r- ' 

10 sion morphology of the * component s : in, the ?&axk& manrtex/ as 

in Example 1. As a result r it wak-; f bui#i '^at-.tha ^st • 
piece had a dispersion morphology such, that- in.-fch^- /*;' 
continuous phase of the PPE, low .density . polyethylene 
particles having a minor diameter of 0* 4 to. 1 .7 Jim • 

15 (with most of the particles having a . minor diameter 5 

exceeding 0.5 |im) and styrene-butadie^^ 

particles having a minor diameter, of . Gk 5 : ^o ; 1 r ff - 
(with most of the particles having • a minor 1 diaineter . 
exceeding 0.3 nm) were dispersed,., pa^; of. the sty^ 

20 rene-butadiene copolymer. particles being.- ^ 

outer surface of the low density polyethylene parti- 
cles . .V 
Examples 2 and 3 and Comparative Examples 2 ^nd -3. / . 
76 Parts by weight of a PPE having &: reduced. 

25 viscosity of 0.49, 8 parts by weighfe/-of a. high* density .' 
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polyethylene having a density of 0.969 g/cm 3 (Suntec 
HD-J240 manufactured and sold by Asahi Chemical Indus- 
try Co , , L td • r Japan ) , 8 parts by weight of a hydroge- 
nation product of a styrene-butadiene block copolymer 
5 (hydrogenation ratio of the polybutadiene segment: 

99.9 %; Young's modulus: 3,200 kg/cm 2 ) and 8 parts by 
weight of a hydrogenation product of a styrene-butadi- 
ene block copolymer (hydrogenation ratio of polybutadi- 
ene segments: 99.9 %; Young's modulus: 5,300 kg/cm 2 ) 

10 were blended by a Henschel mixer. The resultant blend 

was subjected to melt kneading by a same direction- 
revolving twin-screw extruder (model PCM-30 manufac- 
tured and sold by Ikegai Tekko Co., Ltd., Japan) under 
conditions such that the - 'kneading block portions of the 

15 screws were maintained at 200 °C and the other portions 

were maintained at 270 °C, thereby obtaining strands. 
In Example 2, the L/D ratio, as defined hereinbefore, 
was 4.1 and the TfD'-N/h value, as defined hereinbe- 
fore, was 94.2. In Example 3, the L/D ratio was 14, 

20 and the ir»D'-N/h value was 62,9. In Comparative Exam- 

ple 2, the L/D ratio was 2.0, and the tc«D' -N/h value 
was 37.7. In Comparative Example 3, the L/D ratio was, 
0, and the ifD r «N/h value was 62.9. 

The obtained strands were pelletized. The result - 

25 ant pellets were subjected to injection molding by 
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means of a screw in-line type injection molding, machine 
having a cylinder temperature of 280° to 300 "at a 
mold temperature of 80 °C, thereby obtaining test 
pieces for tensile testing- Using- the' test pieces ; , a . 
5 tensile testing was conducted in aqcordaifba-'with ASjfiM- / • 

D-638 in the same manner as in : ' Example 1. • - When. they 
cross-section of each of the test .pieces • bfefcained\^j; ' 
Examples 2 and 3 was examined; no ^ dfel^inatidh wi^s" ob- 
served. However, with respect to the ■* test^pi^ce-s ■ / : : : . _ 

10 obtained in Comparative Examples 2 aftdv 3 / :? (^smi^al^n 

was markedly observed on the cross-section, of • the -test.' 
pieces although the test pieced had. the same qompasi- 
tion as those of Examples- 2 and 3. 

Further, when the: pieces having. -a weld— line " we^e . 

15 subjected to a tensile testing, it. was found that t:he. 

test pieces of Examples 2 and 3 had weld-iine - toughiress 
values of 91 % and 84 %, respectively 7 ^aiid^that .th^ ^ 
test pieces of Comparative Examples; 2 and "3 bad weid^r 
line toughness values of 71 % . and 63. Ji >. ;res^eptivel^> '[ ■ 

20 Further, test pieces for tensile testing were \ 

injection molded according to the met^^ 
above and sliced to obtain sections: whic^' were dye^; . 
with ruthenic acid (Ru0 4 ). . The sections ^ere. p|ioi: o-VV 
graphed by means of a transmisBipn electron Mc±psppjpe r 

25 to closely examine the dispersion moiphofbgy. of the. 
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test pieces. As a result, it was found that in the 
test pieces of Examples 2 and 3, high density polyeth- 
ylene particles having a minor diameter of not greater 
than 0,5 jim were dispersed in the PPE, whereas in the 
5 test. piece of Comparative Example 2, high density 

polyethylene particles having a minor diameter of 
0.5 |im to 1.0 pi (with most of the particles having a 
minor diameter exceeding 0.5 Jim) were dispersed in the 
PPE and in the test piece of Comparative Example 3, 

10 high density polyethylene particles having a minor 

diameter of 0.5 p to 2.3 p (with most of the parti- 
cles having a minor diameter exceeding 0.5 \xm) were 
dispersed in the PPE. With respect to each of Examples 
2 .and 3 and Comparative Examples 2 and 3, particles of 

15 the hydrogenation product of a styrene-butadiene block 

copolymer used as the compatibility agent cohered to 
the outer surface of the high density polyethylene 
particles. In Examples 2 and 3 f the dispersed parti- 
cles of the hydrogenated styrene butadiene block copol- 

20 ymer used as the compatibility agent which were not 

cohered to the dispersed particulate polyethylene 
phase, had a minor diameter of not greater than 0.1 \ua, 
whereas in Comparative Examples 2 and 3, the dispersed 
particles of the compatibility agent which were not 

25 cohered to the dispersed particulate polyethylene, had 
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a ininor diameter of 0.1 to 0.9 p (with most of the 
particles having a diameter exceeding 0.3 jxm) • 
Comparative Example 4 

Composition according to U.S. Patent Np. 4, 145,37 7 
5 a low density polyethylene ^refericbd to as- compo- 

nent (cl) and a hydrogenated styrene-butad^ 
block copolymer referred to as component (c2 •) , as . 
defined in the footnote of Table 1, were, melt kneaded . • 
in weight proportions indicated ixi Table". 1 at a- tei^>Qr- 

10 ature of from 200° to 240. °C by mean! of ;a same direo- . 

t ion-revolving twin-screw extruder- . (model I>m-30Lj|^Ln , ti- 
factured and sold by Ikegai Tekko I?a3^ 
Japan), thereby obtaining precpmpotmd* (P).'.. : Then> a:' ; .' ' 
polyphenylene ether referred to as component (a), ;a 

15 polystyrene referred to as component (b) aixd a hydroge- 

nated styrene-butadiene-styrene. block copolymer ice-*; 
f erred to as component (d), as defined! , in the fobtiiiSrte 
of Table 1, were melt kneadeci. in -weight prop'o.rtipns-- •' 
indicated in Table 1 with the .above^obtained precoma . 

20 pound (P) by means of the above-mentioned twiri^sbre^ 

extruder at a temperature of from 230° to 28 ff. °C and at 
a screw speed of 200 rpm, and extruded, thereby .obtain- 
ing strands. The thus obtained strands were 'pelie^ ' ■.' 
tized, thereby obtaining pellets. 
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Table 1 


Component 


Formulation (parts by weight) 


(a) 


PPE a J 74 


(b) 


Polystyrene"' 8 


(cl) 
(c2) 


LDPE cl ) 6n 
«»«> , } 


(d) 


HTR d ) 6 



10 



15 



20 



25 



Note: a) polyphenylene ether having a reduced viscos- 
ity of 0-57 

b) polystyrene, Styron ® 585 (a product of 
Asahi Chemical Ind. Co., Ltd., Japan) 

cl) low density polyethylene (density: 
0.918 g/cm 3 ) , Suntec ® LD-M1804 
(a product of Asahi. Chemical Ind. Co., Ltd., 
Japan) 

c2) hydrogenated styrene-butadiene-styrene block 
copolymer, Shell Kraton ® G-1650 (a product 
of Shell Chemical Co., U.S.A.) 
d) same as component (c2) 
The thus obtained pellets were charged into a 
screw in-line type injection molding machine having a 
cylinder temperature of from 280° to 300 °C, and injec- 
tion-molded at'.v,a mold -temperature of 80 . °C- to_obtain a 
test piece for use in tensile testing. A tensile test- 
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ing was conducted using a test piece in- accordance with 

ASTM D-538. The broken section of the test piece was 

observed. As a result, a marked . delaminatito "was found 

at the surfaces of the broken sections r of test Apiece. 

5 Further, using a metal -moid designed to form 

weld-line, a test piece for use in •tensile tilling .wa-s; • ■' 

injection molded. A tensile' testing of ; tfis test piece 

was conducted in the same manner \ (ASiM D-638) as. men- . 

tioned above, and the weld-line tou^hheaS''."as, defin^tf • 

10 below was determined. —^ ■ 'V W/V" 

tensile strength of "£; ; test- . 
Weld-line piece having a weld-iine. '." '.: 

toughness (%) « — — — : ' ... ; , x iM - 

tensile strength of a test • 
piece having no weld-iine- 

The* weld-line toughness of the ; test plece Jwas fourtC-tp . 

is be 66 %. •;; • 

Still further, a test piece for tedBi^e-^eBti^ 

was injection molded according to -the'metriqd as de- . .^ 

scribed above, and a section of the test pi^c^; wks dyed 
with ruthenic acid (Ru0 4 )« The' section xte^' photo-. ' v; 

20 graphed using a transmission electron microscope.". T^e 

electron photomicrograph showed that- the ottter" stirfj^ce 
of the dispersed low density polyethylene panicles had;, 
the hydrogenated styrene-butadiene-st3n-ene block copol- 
ymer cohered thereto, and that, however,, the low density : 

25 polyethylene particles were dispersed - in th£- 'polyphe-;- 
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nylene ether in minor diameters ranging from 0.8 to 
2,9 \m (greater than 0.5 nm and so outside the scope of 
the present invention) and the hydrogenated styrene- 
butadiene-styrene block copolymer particles were dis- 
persed in the polyphenylene ether in minor diameters 
ranging from 0.9 to 2.1 |im (greater than 0.3 \m and so 
outside the scope of the present invention) . 
Comparative Example 5 

Composition according to U.S. Patent No. 4, 166, 055 

A polyphenylene ether referred to as component 
(a) r a low density polyethylene referred to as compo- 
nent (bl), a hydrogenated styrene-butadiene-styrene 
block copolymer referred to as component (b2) and a 
triphenyl phosphate referred to as component ( c ) , as 
defined in the footnote of Table 2, were melt kneaded 
in weight proportions indicated in Table 2 by means of 
a same direction-revolving twin-screw extruder (model 
PCH-30 manufactured and sold by Ikegai Tekko Kabushiki 
Kaisha, Japan) at a temperature of from 230° to 280 °C 
and at a screw speed of 200 rpm, and extruded, thereby 
obtaining strands. The thus obtained strands were 
pelletized, thereby obtaining pellets. 

The thus obtained pellets were charged into a 
screw in-line type injection molding machine having a 
cylinder temperature of from 280° to 300 °C f and injec- 
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tion molded at a mold temperature of 80" *H to obtain a 
test piece for use in tensile testing. A" tensile test- 
ing was conducted using a test piece in" accordance* with . 
ASTM D-638. 

5 The broken sections o£ the • test piece were . Ibsei^Bd.. 

As a result r a marked de lamination wa£' found- at th^;-;- '■; 
surfaces of the broken sections di the' test ; : ; piece, ; 'v. . . 

Further, using a metal mold designed to .£ prm 'k . ■ 
weld-line, a test piece for use " £*h tensile- testing- ^s -. 
10 injection molded. A tensile testing . of • tfee test-piebe;. , 

was conducted in the same manner (ASTM p-^S3;8-)[ as.;m&i^.-. 
tioned above, and the weld-line toughness as defined 

below was determined. V^; : 

tensile, strength of. a "test.- ':{••' 
Weld-line piece having- a-:. weld-line . v 

15 toughness (%) - : — — ' • ■■ ■ *C r ' ff ^ 100 \ .. : ,. 

tensile - strength ^of • -fit t^S* " ;j 

piece having no weld-lifle • \ 

The weld-line toughness of the test piece. Was f ound, Ho; . 

be 59 %. ■ ; 

Still further, a test piece for tensile testing... 

20 was injection molded according to the ; method. -'as de- • " . . . 

scribed above, and a section of the test, pie'ce was dyed: 
with ruthenic acid (Rub 4 ) , and> the sectioii • was photo- 
graphed using a transmission electron microscope, The 
electron photomicrograph showed that • the outer surface 

25 of the dispersed low density polyethylene particlee had 
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the hydrogenated styrene-butadiene-styrene block copol- 
ymer cohered thereto, and that, however, the low densi- 
ty polyethylene particles were dispersed in the poly- 
phenylene ether in minor diameters ranging from 1 . 1 to 
2.2 fim (greater than 0.5 |im and- so outside the scope of 
the present invention) and the hydrogenated styrene- 
butadiene-styrene block copolymer particles were dis- 
persed in the polyphenylene ether in minor diameters 
ranging from 0.7 to 2.3 jim (greater than 0.3 \im and so 
outside the scope of the present invention)-.- - - 
Comparative Example 6 

Composition according to U.S. Patent No. 4,239,673 

Substantially the same procedure as described in 
Comparative Example 5 was repeated except that 12 parts 
by weight of a styrene-butadiene-styrene block copoly- 
mer referred to as component (b3), as defined in the 
footnote of Table 2, was used instead of a hydrogenated 
styrene-butadiene-styrene block copolymer, thereby 
obtaining a test piece. The properties of the test 
piece were determined in the same manner as described 
in Comparative Example 5. As a result, a marked delam- 
ination was found at the surfaces of the broken sections 
of the test piece. Further, the weld-line toughness of 
the te.st. piecs was found to be 68 %. Still further, a 
test piece for tensile testing -was injection molded 
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according to the method as described, above., and a 
section of the test piece was dyed with osmic aci"d\ 
(0s0 4 ). The section was photographed using a transiniB>- 
sion electron microscope. The electron phbtariiicird.graph 
showed that the outer surface of * the dispersed low',- ■ 
density polyethylene particles had J : the,' styirene-butjatii-" 
ene-styrene block copolymeiL cohered thereto, • arid* tBfci, 
however, the low density, polyethylene :parti'ples were; : 
dispersed in the polyphenylene ethei^Mn' minor di^efcqrs 
ranging from 0,8 to 2.5 urn % greater :thian ;i 0 ,5- j^'ina s^'' 
outside the scope of the present : inv^^ ' 
styrene-butadiene-styrene block copolymer' particle^'; , 
-were dispersed in the polyphe^lena- fetli^r in minor-. ; >: 
diameters ranging from 0.5 to 2 . 4 >im : '( ^reat^ th^ V ; ' J ' 
0.3 nm and so outside the.' scope of the present inven^- 
tion) . 

Comparative Example 7 ' 
Composition according to U..S. Patexi?fe'?Nq -i 4,242,25.3". v • 

Substantially the same procedure: as described in; 
Comparative Example 5 was repeated * except that 6 . .pdtts ' 
by weight of the styrene-butadiene-styrene block ' copol- 
ymer referred to as component "(b3) vrasf a£td£d and. the "." 
amount of the hydrogenated styrene-butadiene-styxene. . 
block copolymer was changed tp .6 parts by weight from "'. 
12 parts, by weight, thereby obtaining test pieces .' The 
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properties of the test pieces were determined in the 
same manner as described in Comparative Example 5. As 
a result/ a marked delamination was found at the sur- 
faces of the broken sections of a test piece. Further , 
5 the weld-line toughness of a test piece was found to be 

51 %. Still further, a section of a test piece for 
tensile testing was dyed with ruthenic acid (Ru0 4 ) , and 
the section was photographed using a transmission 
electron .microscope. The electron photomicrograph 

10 showed that the outer surface of the low density poly- 

ethylene had the styrene-butadiene-styrene block copol- 
ymer and the hydrogenated styrene-butadiene-styrene 
.block copolymer cohered thereto k and that however r _ the 
low density polyethylene was dispersed in the polyphe- 

15 nylene ether in minor diameters ranging from L3 to 

2.6 Jim (greater than 0.5 \xm and so outside the scope of 
the present invention) and the styrene-butadiene- 
styrene block copolymer and the hydrogenated styrene- 
butadiene-styrene block copolymer were dispersed in the 

20 polyphenylene ether in minor diameters ranging from 1.1 

to 2.8 \xm (greater than 0.3 urn and so outside the scope 
of the present invention). 
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Table 2 





Formulation (parts by we£gh.t) 


Com- 
ponent 




Compara- 
tive 

Example 5.. 


Cdmpara-^. : ; 
• tiye • . 
• . Example v6 * 


Compar^-. •• 
... tive •■•f-.. i -. 
Eikakp ie ; 7 * 


(a) 


PPE a ) 


82 


82 ; "J-! 


82 , 


(bl) 


LDPE bl ) 


• . 6 • 


■ 'g- 




(b2) 


HTR b2 > 


12 






(b3) 


TR b3 > 




'"■ 12 • . 






rpppC ) 


15 


■ 15 . ' : •; ; 





25 



Note: a) polyphenylene ether having- a ieduced viscos- 
ity of 0.57 ;'. : /\\ 
bl) low density polyethylene, (density: ' 
0.918 g/cm 3 ) , Suntec ® LD^Mli&i 
(a product of Asahi, Chemi^ai^Xnd, ; Go. , . Ltd. , 
Japan) 

b2) hydrogenated - Btyrene-butadiei^-Styr&ie B.lboJc 
copolymer, Shell Kratoii. ® ;G: r i ; 5S.0 .(a product : 
of Shell Chemical. Co V, y^S.A.)- ■;• 
b3) styrene-butadiene.-styrene block : copoly^^i:^ .. 
Shell Kraton®.D-l 01*1 (a : grqciuct of .Shell- 
Chemical Co., U.S.A.) , 
c) triphenyl phosphate (plastici^er j 
Comparative Example 8 - • • 

Composition according to Japanese.;JPate^ 
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Laid-bpen Specification Nos. 63-218748 (19 88), 63- 
245453 (1988) and 64-40556 (1989) 

A low density polyethylene referred to as compo- 
nent (cl) and a styrene-butadiene radial teleblock 
5 copolymer referred to as component (c2), as defined in 

the footnote of Table 3 f were melt kneaded in weight 
proportions .indicated in Table 3 at a temperature of 
from 200° to 240 °C by means of a same direction-re- 
volving twin-screw extruder (model PCM-30 manufactured 
10 and sold by Ikegai Tekko Kabushiki Kaisha, Japan), 

thereby obtaining precompound (P). Then, a polypheny 1- 
ene ether referred to as component (a) and a polys ty- 
xene referred to as component (b), as defined in the 
footnote of Table 3, were melt kneaded in weight pro- 
15 portions indicated in Table 3 with the above-obtained 

precompound (P) 'by means of the above-mentioned twin- 
screw extruder at a temperature of from 230° to 280 °C 
and at a screw revolving speed of 200 rpm, and extrud- 
ed, thereby obtaining strands. The thus obtained 
strands were pelletized, thereby obtaining pellets. 



20 



Table 3 .' 


Component 


Formulation-. . (parts «fey weiglrfc'p ' 


(a) 


PPE a ) 


72 ' 


■(b) 


Polystyrene 15 ? 


'16 £\ . ..":>..'•"• " 


(cl) 
(=2.) 


LDPE cl ) • 
TR c2 ) . 


- • +• premixed ! 

6 J ; .* 



Note : a ) polyphenylene ether having; a- 'reduced viscos—. 
ity of 0.57 ' ■ 
b) polystyrene, Styron ® .68$ " (a pro&ftct of .Akaill 

Chemical Ind. Co.., Ltd. , Japan) 
cl ) low-density, polyethylene having • a, density of 
0.918 g/cm 3 , Suntec .® LDrM18 : 04. ( a product .of * 
Asahi Chemical Ind. Co.;, Irtd ; > japan ). -■. . 
c2) styrene-butadiene radial teleblock copbly- •'• 
mer (Young's modulus: 3/2 00 Kg/ap; ) n 
The thus obtained pellets' were, charged into a : - .: 
screw in-line type injection- molding machine having a .. 
cylinder temperature of from 280° to ^ 30^,i?C r and ^j^c*- 
tion molded at a mold temperature of ,80. °£ :to obtain '. a 
test .piece for use in tensile testing.. ^-Xen&il^^y/' 
testing was conducted using a ' test ;pi?f^ -in. adcJq^nce' 
with ASTM D-538. The broken sectipn. 
was observed*. As a. result, .no delamihc^ 
at the surfaces of the broken sections op the teBtS^;:;" 
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piece. 

Further , using a metal mold designed to form a 
weld-line, a test piece for use in tensile testing was 
injection molded. A tensile testing of the test piece 
5 was conducted in the same manner (ASTM D-63B) as men- 

tioned above , and the weld-line toughness as defined 
below was determined. 

tensile strength of a test 
Weld-line piece having a weld-line 

toughness (%) » : x 100 

tensile strength of a test 
10 piece having no weld-line 

The weld-line toughness of the test piece was found to 

be 72 %. 

Still further r a test piece for tensi-le testing 
was injection molded according to the method as de- 
15 scribed- above, and a section of the test piece was dyed 

with osmic acid (Os0 4 ). The section was photographed 
using a transmission electron microscope. The electron 
photomicrograph showed that the low density polyethyl- 
ene particles were dispersed in the polyphenylene ether 

20 in minor diameters ranging from 0.3 to 1.1 jim (most of 

the particles having minor diameters of greater than 
0.5 ^m and so outside the scope of the present inven- 
tion) , and the outer surface of the dispersed low 
density polyethylene particles, had the styrene-butadi- 

25 ene radial teleblock copolymer cohered thereto in the 
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form of a layer and no styrene -butadiene radial 'tele- 
block copolymer having a minor diameter of not greater 
than 0.3 Jim was independently dispersed in the:.palyphe- 
nylene ether* . '/■[. 

5 Examples 4 to 6 ".. .;, 

Each of the compositions indicated iil Taile.4 "was. \ 
melt kneaded by means of the same direct^ 
twin-screw extruder (model PCM- 3 G- manufactured a^d^sq^4'"; 
by Ikegai Tekko Kabushiki; Kaisha";'.- Japan) ia iteSGrife 
10 in Example 1 under the same conditions : as described: :inx: 

Example l f thereby obtaining strands.. The 'thus .obV- 
tained strands were pelletized, 1^BrBihY'6htek3^±Ag'-\-^Y'''' ; - 
pellets. • 

, Table 4 ■ : * ■ 



20 



Component 


Formulation - (parts by .wei^t^ ■ •; 




Example 4 


Example'"' 5 


Example'.- .5*. 


( a ) 


PPE a ) 


66 


S3.-.'. /. 


". 7 


>) 


HDPE b ) 


5 ' 


• 10 . .' 


....... . . . 


(c) 


HTR C ) 


29'. 


• 27 . 


• "'• .15" 


(d) 


Tpp d) 









Note: a) polypheny l'ene ether having a reduced viscos- 
ity of 0.54 : '• ■•:.}''• 
b ) high-density • polyethylene' o( density t 
25 • 0.918 g/cm 3 ) , Suntec ® J24Q . ■(*. , 
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product of Asahi Chemical Ind. Co., Ltd., 
Japan ) 

c) hydrogenated styrene-butadiene-styrene block 
copolymer (Young's modulus: 5,100 kg/cm 2 , 
ratio of hydrogenation : 99.9 %) 

d) triphenyl phosphate (plasticizer ) 
The thus obtained pellets were charged into a screw 
in-line type injection molding machine having a cylin- 
der temperature of from 280° to 300 °C, and injection 
molded at a mold temperature of 80 °C to obtain test 
pieces for use in tensile testing. A tensile testing 
was conducted using each of the test pieces in accord- 
ance with ASTM D-638. The broken sections of each of 
the test pieces were observed. As a result, no delami- 
nation was found at the surfaces of the broken sections 
of each of the test pieces of Examples 4 to 6. 

Further, using a metal mold designed to form a 
weld-line, test pieces for use in tensile testing were 
injection molded. A tensile testing of the test pieces 
was conducted in the same manner (ASTM D-S38) as men- 
tioned above, and the weld-line toughness as defined 
below was determined. 

tensile strength of a test . 
Weld-line piece having a weld-line 

.toughness (%.). = .. . « — s x mo . 

25 tensile strength of a test 

piece having no weld-line 
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The weld-line toughness of each of the test* pieces of 
Examples 4 to 6 was found to be 100 %. ■ 

Still further, a test piece for tensile testing 
was injection molded according to the metftod as de-V 
5 scribed above r and a section of each of the testpi&qes 

for tensile testing was dyed with ruthenic acid' (R^c0 4 ). 
The section was photographed using a transmission ... 
electron microscope. As a result it. was found that 
each of the test pieces of Examples 4 tO';6 (se6 Fig. 2 • 

10 • for the dispersion morphology of the crdss section of 

the test piece of Example 5) had , a morphology of dis- 
persion such that the high density polyethylene paiti- 
cles were dispersed in a minor diameter- of. not- greater 
than 0.5 Jim and the hydrogena ted- .block copolymer of ;* . 

15 styrene and butadiene was . cohered to the /outer puxfabe 

of the dispersed high density polyethylene -phase in the 
form of a layer of particles. The. ^yiarogenalied- block", 
copolymer of styrene and ' butadiene, which was* independ- 
ently dispersed in the polyphenylen^- ether, had; a rciindr 

20 diameter of not greater than 0.1 jfim v 

Examples 7 to 9 

Each of the compositions indicated ih; Table 
melt kneaded by means of the same direction-revolving 
twin-screw extruder- (model PCM-30 manuf actiired. : an : d sold 

25 by Ikegai Tekko Kabushiki Kaisha, Japan ) as described- 
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in Example 1 under the same conditions as described in 
Example 1, thereby obtaining strands. The thus ob- 
tained strands were pelletized, thereby obtaining 
pellets . 

Table -5 



Component 


Formulation 


(parts by weight) 




Example 7 


Example 8 


Example 9 


(a) 


PPE a ) 


55 


BO 


86 


(b) 


ppb) 


15 


5 


7 . 


(cl) 


HTR cl > 


30 


15 




(c2) 


HTR c2 > 






7 


(dj 


rpppd) 




15 


15 



25 



Note: a) polyphenylene ether having a reduced viscos- 
ity of 0.41 

b) polypropylene, E-1100 (a product of Asahi 
Chemical Ind . Co., Ltd . , Japan ) 

cl) hydrogenated styrene-butadiene-styrene block 
copolymer (Young's modulus: 6,300 kg/cm 2 , 
ratio of hydrogenation : 99.9 %) 

c2) hydrogenated styrene-butadiene-styrene block 
copolymer (Young's modulus: 4,800 kg/cm 2 , 
ratio of hydrogenation: 99.9 %) 
. <. -d) triphanyl phosphate (plasticizer) ■ 
The thus obtained pellets were charged into a screw 
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in-line type injection molding machine- hkving a'tyliii-- 

der temperature of from. 280° to 300 °C, apd. ihjBQ^iph 

molded at a mold temperature of 80 °C; to. obtain ^t^str 

pieces for use in tensile testing*. .'.-A, tensile tes't r £n£f\ 

was conducted using the test pieces abco^deLnca witii. 

ASTK D-638. The broken sections of the test. ; £iSbes.V* 

were observed- As a result,, no. dela^^ 

at the surfaces of tha broken' sections '^of . each Of " 'the 

test pieces of Examples 7 to 9-',' 

Further, using a metal mold designed ;to fp^ a;, '- * 

weld-line, test pieces f or use' in -t^nkil&f-±9^Ln^/^±&'' 

injection molded. A tensile, testing :,of .the test* ip±^aks ' 

was conducted in the sams manner'" (ASTii Dr638} as ,iaen- ■. 

tioned above, and the v?eld-line toughness as defined"' \ 

below was determined. . / ,-\ 

tensile- strength pf '.a, test, 
Weld-line piece having; a weld^lifiS- .'. . • • : • 

toughness (%) = — \" ' '^r^ ^ . .,^100 . 

tensile, strength, of a test • 
piece having no weid-lliie . 

The weld-line toughness, of ea^ch Of the test pieces 

Examples 7 to 9 was found to be 10'GE . jfci '.-J ■ 

Still further, test pieces for : tensile tesiing-'; 

were injection molded according to the method as; : de- / 

scribed above, and sections of the test pieces were' 

dyed with . ruthenic acid (Ru0 4 )., ' The,, s.ectibna 

photographed using a transmission electron .microscope. 
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As a result , it was found that each of the test pieces .. 
of Examples 7 to } had a morphology of dispersion such 
that the polypropylene particles were dispersed in a 
minor diameter of not greater than 0.5 fim and the 
5 hydrogenated block copolymer of styrene and butadiene 

was cohered to the outer surface of the dispersed 
polypropylene phase in the form of a layer of parti- 
cles . The hydrogenated block copolymer of styrene and 
butadiene r which was independently dispersed in the 

10 polyphenylene ether r had a minor diameter of not great- 

er than 0 . 1 jim. 
Examples 10 to 12 

Each of the compositions indicated in Table 6 was 
melt- kneaded by means of the same direction-revolving 

15 twin-screw extruder (model PCM-30 manufactured and sold 

by Ikegai Tekko Kabushiki Kaisha, Japan) as described 
in Example 1 under the same conditions as described in 
Example 1, thereby obtaining strands. The thus ob- 
tained strands were pelleti zed, thereby obtaining 

20 pellets . 
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Table 6 



Component 


Formulation (part5 : ; } by weight) 




Example' 10 


Example 11 


Example 12 


(a) 


PPE a ) 


55 






(bl) 


ppbl) 


7 






(b2) 


LDPE b2 ) 


.8 


. 10 . 

., » . . 




(ol) 


HTR cl ) 


30 


15 . ;;._{ 




(c2) 


HTR c2 ) 








(d) 


TP pd) 




. 15.'-' ••'.•.•;' 


■ .' 15. V- 



25 



Note: a) polyphenylene ether having a reduced viscos- 
ity of 0.41 "'•*' ' ; 
bl) polypropylene, E-1100 (a product of Apafti , 

Chemical Ind. Co,, Ltd.-/ Japan); . • . . 
b2) low density polyethylene having- a^'de^ity. of . 
0.918 g/cm 3 ,. ' Suntec ®. LD-M180^ (a piodii^t , tfff< 
Asahi Chemical ind. Co., 'Lfcd.V Japan) '•/;"'•' 
cl ) hydrogenated styrene-butadi^ie-s Gyrene ' *t>l6ck 
copolymer (Young' s .modulus'*** 5>f '00 kg/ cm , : 
ratio of hydrogenation : 9/9 
c2 ) hydrogenated styrene-butadiene-Btyrehe • block- 
copolymer ( Young' s . modulus r 4'; 8.00 . kg/<attr • 
ratio of hydrogenation r 99 .'9":% ) " ; 'y [•';,' % \ t 
. ... . -,d) . .triphenyl; phosphate (plastici^B^'); ; .'/ ' r. 

The thus obtained pellets were charged'. into a. scre^. ^;: 
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in-line type injection molding machine having a cylin- 
der temperature of from 280° to 300 °C, and injection 
molded at a mold temperature of 80 °C to obtain test 
pieces for use in tensile testing. A tensile testing 
5 was conducted using the test pieces in accordance with 

ASTM D-638. The broken sections of the test pieces 
were observed. As a result, no delamination was found 
at the surfaces of the broken sections of each of the 
test pieces of Examples 10 to 12. 

10 Further, using a metal mold designed to form a 

weld-line, test pieces for use in tensile testing were 
injection molded. A tensile testing of the test pieces 
was conducted in the same manner (ASTM D-638) as men- 
tioned above, and the weld-line toughness as defined 

15 below was determined. 

tensile strength of a test 
Weld-line piece having a weld-line 

toughness (%) ■ — — x iqO 

tensile strength of a test 
piece having no weld-line 

The weld-line toughness of each of the test pieces of 
20 Examples of 10 to 12 was found to be 100 %. 

Still further, test pieces for tensile testing 
were injection molded according to the method as de- 
scribed above, and sections of the test pieces were 
dyed with ruthenic acid (Ru0 4 ). The sections were 
25 photographed using a transmission electron microscope. 
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As a result, it was found that each of the test^p£#ces . 
of Examples 10 to 12 had a^ morphology iaf .-.d£^er§l6iL : . ..- 
such that the polypropylene and. low identity polyeithyl- 
ene particles were dispersed in a minor diameter of not 
5 greater than 0.5 p and the hydrogenated block copoly- 

mer of styrene and butadiene was . cohered . to. the outer 
surface of the dispersed polypropylene phase in the 

form of a layer of particles. The hydrogenated block 

'*.**.« 

copolymer of styrene and butadiene, whidh was independ- 
10 ently dispersed in the polyphenylene ether 7 had. a . ^iixor 

diameter of not greater than 0.1 pm* 

Example 13 * 

65 parts by weight of a polyphenylene ether * "having 
a reduced viscosity of 0.54, 15 parts by Weight of a 
15 ■ linear low density polyethylene (Suntec ®\li-TiM7625- . 

having a density of 0.926 g/cm 3 and manufactured aaad 
sold by Asahi Chemical Industry Co.-, Ltdii.j Japan) 10 
parts by weight of a hydrogenated copolymer of " styirene 

• • O . - ■•'1: . ' 

and butadiene (Young's modulus: 4,800 kg/cm , . ra^io of 
20 hydrogenation: 99.9 %) and 10 parts .by weight of a . 

copolymer of styrene and butadiene (Young's moduJLus: • 
2,100 kg/cm 2 , Solprehe ® T406 manufactured and sold by 
Japan Elastomer Co., Ltd., Japan ) were uiaixed tog^tlh'er 
by means of a Henschel mixer. The. -obtained mixturq^w^s 
25 melt kneaded by means of the same extruder ".as 1 de^^SSTbed 
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in Example 1 under the same conditions as described in 
Example 1, thereby obtaining strands. The thus ob- 
tained strands were pelletized, thereby obtaining 
pellets. A section of the thus obtained pellets was 
dyed with ruthenic acid (Ru0 4 ), and the section was 
photographed using a transmission electron microscope. 
As a result , it was found that the pellets had a mor- 
phology of dispersion such that the linear low density 
polyethylene was dispersed in a minor diameter of not 
greater than 0.5 |im, and the block copolymer as a 
compatibility agent was melted into the dispersed 
linear low density polyethylene and cohering to the 
outer surface of the dispersed linear low density 
polyethylene in the form of a layer of particles. The 
block copolymer, which was independently dispersed in 
the polyphenylene ether, had a minor diameter of not 
greater than 0,1 urn. 
Example 14 

The pellets obtained in Example 1 were charged 
into a screw in-line type injection molding machine 
having a cylinder temperature of from 280° to 300 °C, 
and injection molded at a mold temperature of 90 °C to 
obtain a test piece for use in the determination of 
heat deformation temperature. The heat deformation 
temperature of the test piece was determined in accord 



WO 91/05016 ; P^/JP9t}/m^S 



ance with ASTM D-648, and was ' found* to be>*ia9'°C. 

Further, substantially the same procedure .as 
described above was repeated to ■ obtain a tefct piece 
having a thickness of 1/8 inch f or use -in an Izod'.. ■ 
5 impact test. The Izod impact test. was : .qrad^ct'ed* .at " 

23 °C using the test piece in " accordance' with 
256, and the Izod impact strength was,.-fdunds : t.o/be; : : 
42 kg»cm/cm. / •,, \ v ;'. 

Still further , in accordance " with ,tfte ■' Sergeii ?.l:/4 ". 
10 ellipse method (see SEV Journal,, 667.,,- 19.62) , [ a salad ' . 

oil was applied to the surface of tlie t^'fiee^t^:; 
use in the Izod test impact* test , ^a^^ 
.at the time when crack occurred w^s^ 

As a result, the critical strait was £oiUxd tfc.be :6C5 %* 
!5 Brief Description of. the Drawings ;; ^ 

Fig. 1 is an electron photdmicrogra:ph" showing ' the 
morphology of dispersion of the shaped" resin article of 
the present invention as obtained : i*V; Example' 1 ; and ■ 

Fig. 2 is an electron photomicrograph .shoeing 'the • , 
20 morphology of dispersion of the ' shaped' - res in article of 

the present invention as obtained in Example 5. 
Industrial Applicability ' /. 

The shaped resin article of the pre^sent ' inve&ticsn-* 
has not only remarkably improved wield- line .toughnens 
25 and delamination resistance but. also. excellent resist- 
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ance to heat, impact and chemicals. Therefore, the 
shaped resin .article of the present invention is useful 
as various parts. Representative examples of such 
parts include automobile parts, e.g., exterior parts 
5 such as bumpers, fenders, door panels, various moles, 

emblems, engine hoods, wheel caps, roofs and spoilers, 
and interior parts such as instrument panels, console 
boxes and trims. Further, the shaped resin article of 
the present invention can also suitably be used as 
10 interior and exterior parts of electrical appliances. 

Representative examples of such exterior and interior 
parts include cabinets for office automation machines, 
television sets, video units, TV game sets and various 
disc players, and parts of refrigerators and the like. 
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CLAIMS 

1. A shaped resin article comprising: 

( 1 ) a continuous phase of a polyphenyleiie .otixer 5 ; ; ; 
and (2) a dispersed phase dispersed in. setid continuous 
5 phase (1) and comprising : 

(a) a particulate dispersed polyqlefin phase which 
is comprised of a polyolefin and has a jaS^\QX 'diameter' 
of not greater than 0.5 |im, the out^-r ^ur-fa^" of B^id- : 
dispersed polyolefin phase (a) having cohered th.<k£eto, 
10 particles of at least one copolymer selected * -from: • 

group consisting of a copolymer of a vxnyi ^ .^ri^at£Sc/ : ; • " 

compound and a conjugated diene comprounxi ' and a ^jrd.ro.gfe- 

■ .. ' ••••**.• * i" .." * * . . . ,'». , 
nation product thereof, and '/ ' . ; ... 

. .. . . \» • ■ • ■ . 

(p>) a particulate dispersed copolymer pfease./havjjig 
15 a minor diameter of not greater thap : 0V3 which* $^;y 

comprised of said at least one . copdiyrt|er . and : is dis--' ... 
persed in said continuous phase. ( 1 ) ■ axxd $0% Vcsohferecf to -.; 
said dispersed polyolefin 'phase (ot) • ; 

20 2. The article according to claim . 1/ whexein said;.;. :;; 

particulate dispersed copolymer' phase (p) has a.j^r 
diameter of not greater than 0.1 p, : "'■ 

3. The article according to claim ! or. Z> therein:. :s aid 
25 at least one copolymer has a Young's modulus of '•at^.... : . 
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least 1500 Kg/cm 2 . 

4 . The article according to any one of claims 1 to 3, 
wherein said copolymer of a vinyl aromatic compound and 
a conjugated diene compound is a copolymer comprising 
at least one vinyl aromatic compound block and at least 
one conjugated diene compound block. 

5. The article according to any one of claims 1 to 3, 
wherein said hydrogenation product is a hydrogenation 
product of a copolymer comprising at least one vinyl 
aromatic compound block and at least one conjugated 
diene compound block. 



15 5. The article according to any one of claims 1 to 5, 

wherein said polyolefin is a low density polyethylene 
or a high density polyethylene. 



10 



20 



7 . The article according to claim 6 , wherein said 
polyolefin is a linear low density polyethylene. 

8 , The article according to any one of claims 1 to 7, 
which is a compression-molded article , an injection- 
molded article, an extrusion-molded article, a blow- 

25 molded article or an inflation-molded article. 
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* S. The article according to any one of claims 1. to .% T 

.... 

which is a pellet, 
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